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Abstract– Large remote area networks normally have self-suffi-
cient electricity systems. These systems also rely on non-dispatchable 
DGs (N-DGs) for overall reduction in cost of electricity production.  
It is a fact that uncertainties included in the nature of N-DGs as well 
as load demand can cause cost burden on islanded microgrids (MGs). 
This paper proposes development of economic aspect for an inter-
connected MGs (IMG) system as part of large remote area network 
with optimized controls of dispatchable (D-DGs) which are members 
of master control unit (MCU). MCU analysis includes equal cost in-
crement principle to give idea about the amount of power exchange 
which could take place with neighbor MGs in case of overloading 
situation. Sudden changes in N-DGs and load are defined as inter-
ruptions and are part of analysis too. Optimization problem is for-
mulated on the basis of MCU adjustment for overloading or under 
loading situation and suitability of support MG (S-MG) in IMG sys-
tem for power exchange along with key features of low cost and min-
imum technical impacts. Mixed integer linear programming (MILP) 
technique is applied to solve the formulated problem. The impact of 
proposed strategy is assessed by numerical analysis in MATLAB 
programming under stochastic environment.  
Index Terms– Master control unit, Interconnected, Optimization, 
Power exchange, MATLAB programming. 
NOMENCLATURE 
BESS Battery energy storage systems 
D-DGs Dispatchable distributed generators 
IMGs Interconnected Microgrids 
MG Microgrid 
MCU Master control unit 
MILP Mixed integer linear programming 
N-DGs Non dispatchable distributed generators 
OF Objective function 
PV Photovoltaic 
PDF Probability density function 
S-MG Support Microgrids 
SOC State of charge 
SDG Stochastic data generator 
WT Wind turbine 
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Fig .1. IMGs network Configuration with data flow and optimized controls 
I. INTRODUCTION 
Remote area microgrids are considered as self-controlled 
electrical system with penetration of DGs and RES for reliability 
and economy purposes. MGs are vital components of smart 
energy distribution networks and can work in standalone or 
interconnected mode [1-2]. Clustered MGs in interconnected 
mode have physical connections to support each other to increase 
the reliability, resilience and overall economics of considered 
power system [3-4]. In most power operation studies of 
interconnected MGs, calculation of least operation cost solution 
[5-6] using different optimization techniques is discussed in 
detail. Power dispatching among interconnected MGs based on 
operational cost minimization which can be done using 
cooperative power dispatching algorithm as described in [7]. In 
various studies e.g. in [8-9] it is shown that interconnected MGs  
can work in cooperative mode in case of high penetration of RES 
in the network and provide robust distributed control . 
This paper proposes the development of optimized control for 
an interconnected MG system which can decide amount of power 
exchange with S-MG instead of making the D-DGs to operate on 
their maximum limit. Thus by doing so overall economics of the 
system can be effectively handled. N- DGs and loads are assumed 
to be the part of stochastic data generator (SDG) while diesel gen-
erator and BESS inside each MG can serve as the master control 
unit (MCU). They provide reference voltage locally in MGs. It is 
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obvious that frequency adjustment is not needed if MG is working 
in connection with utility grid. But here it is assumed that utility 
is not participating due to remote area configuration. The pro-
posed control action between SDG and MCU is based on master-
slave control strategy as described in [10]. N-DGs will adopts P/Q 
control for certain active and reactive power output. It is assumed 
over here that MCU is active all the time and respond instantane-
ously for any abnormal change in MG(s). Schematic diagram of 
the considered network with proposed data flow and optimization 
controls are shown in Fig. 1. Operation of MCU includes follow-
ing steps 
1) identification of overloading situation  
2) determination of SDG response  
3) sending request to neighbour IMGs for support 
4) calculation of formulated optimization problem for each 
available IMG 
5) selection of most cost effective S-MG(s) for overcoming 
overloading situation 
II. INTERCONNECTED NETWORK DISTRIBUTED CONTROLS 
The distributed controls considered for MCU and SDG working 
in each MG of IMG network are described as under. 
 
A. MCU Controls 
 
In proposed strategy diesel generator and battery energy stor-
age system (BESS) are dispatchable DGs as well as the members 
of master control unit (MCU). Frequency/voltage control tech-
nique from MCU includes following step 
1) Instead of depending on mechanical inertia of synchronous 
generator, system nominal frequency is generated from BESS 
[11] 
2)  State of charge (SOC) can be calculated by active power 
available from BESS [12] as follows 
ܵ݋ܥ ൌ 	ܵ݋ܥ௜ െ ׬ ூ೏೎ொ 	݀ݐ               (1) 
ܫௗ௖ ൌ ௉ಳಶೄೄ௏೏೎                     (2) 
ܳ ൌ ூ೏೎,ೝೌ೟೐஼ಳಶೄೄ,ೝೌ೟೐௉ಳಶೄೄ,ೝೌ೟೐                 (3) 
 where ܵ݋ܥ௜ is the initial ܵ݋ܥ value,  ܫௗ௖	and	 ௗܸ௖ are dc output 
current and voltage from dc-link of BESS, ஻ܲாௌௌ is output active 
power ܥ஻ாௌௌ,௥௔௧௘ is rated capacity and ஻ܲாௌௌ,௥௔௧௘ is rated active 
power of BESS.  
3) Diesel generator here act as secondary SOC control just like 
conventional power system secondary frequency control. So in-
stead of using frequency droop control, diesel generator provides 
SOC coordinated control [11]. Hence system frequency hold to 
nominal value without concern of low SOC. 
4) Voltage control is achieved through conventional Q/V and 
P/Q droop control. Q/V droop control works for minimizing the 
deviation of bus voltages from nominal value. ܭொ௏ is Q/V droop 
coefficient described in [13] 
ܭொ௏ ൌ
ொ ௉ೝೌ೟೐ൗ∆௏್ೠೞ ௏್ೌೞ೐ൗ
                 (4) 
where ௥ܲ௔௧௘ and ௕ܸ௔௦௘ are the network rated power and base 
voltage of the bus respectively. But the voltage fluctuation can be 
effectively controlled by including Q/P droop control. ܭ௉ொ can be  
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Fig .2. Information flow between SDG and MCU 
 
obtained using sensitivity matrix depending on Jacobian calcula-
tions [14] as follows 
ቂ∆௉∆ொቃ ൌ ൤௃ುഇ௃ೂഇ 		
௃ು|ೇ|
௃ೂ|ೇ|൨ ቂ
∆ఏ
∆|௏|ቃ                                                           (5) 
where	∆ܲ ൌ ሾ∆ ௕ܲ௨௦ଵ, ∆ ௕ܲ௨௦ଶ, … . , ∆ ௕ܲ௨௦௡ሿ்and	∆ܳ ൌሾ∆ܳ௕௨௦ଵ, ∆ܳ௕௨௦ଶ, … . , ∆ܳ௕௨௦௡ሿ் are active and reactive power de-
viation,  ∆ߠ ൌ ሾ∆ߠ௕௨௦ଵ, ∆ߠ௕௨௦ଶ,… . , ∆ߠ௕௨௦௡ሿ்is the deviation of 
angular position at each bus, ∆|ܸ| ൌ
ሾ∆|ܸ|௕௨௦ଵ, ∆|ܸ|௕௨௦ଶ, … . , ∆|ܸ|௕௨௦௡ሿ் is voltage magnitude devia-
tion and ܬ௉ఏ, ܬொఏ, ܬ௉|௏|, ܬொ|௏| are Jacobian matrices which can be-
come singular if the network voltage is low. Medium or high volt-
age level is assumed for the purpose of this research. So voltage 
deviation present in network due to active and reactive power 
changes can be calculated as  
∆|ܸ| ൌ |ܵ௏|௉∆ܲ ൅ |ܵ௏|ொ∆ܳ              (6) 
 
Voltage fluctuation basically occurs due to deviation in active 
power which is also coming from non dispatchable DGs. This 
problem can be mitigated by compensation of reactive power.  
 
B. SDG Scenario Reductions 
 
Stochastic data generator (SDG) is composed of non-dispatch-
able DGs along with load. Non-dispatchable DGs considered for 
this research are photovoltaic and wind turbine. Random nature 
of output power from solar and wind depends on probability dis-
tribution functions (PDF) as described in [15-16]. Beta PDF can 
be used to replicate the random phenomenon of solar irradiance 
denoted by  
݂ሺܺ|ܽ, ܾሻ ൌ 1ܤሺܽ, ܾሻ ܺ
௔ିଵሺ1 െ ܺ௕ିଵ	ሻܫሺ଴,ଵሻሺܺሻ (7) 
 
where a , b are shape parameters and ܫሺ଴,ଵሻሺܺሻ is indicator func-
tion used to ensure the probability range [17]. Hence the PV out-
put can be calculated by  
௣ܲ௩ ൌ ௖ܰ௘௟௟. ܨܨ. ൤ܸ௢௖ െ ݇௩ ൬ ஺ܶ ൅ ݂ሺܺ|ܽ, ܾሻ ைܶ௉ െ 200.8 ൰൨ ൈ 																																											ሾ݂ሺܺ|ܽ, ܾሻሺܫ௦௖ ൅ ݇௜ሺ ௖ܶ െ 25ሻሻሿ      (8) 
   where  ௖ܰ௘௟௟ is number of PV cells in module, FF is fill factor 
estimation and its value is between 0 and 1. ஺ܶ, ைܶ௉ and ௖ܶ  are 
ambient , normal operating temperature and ambient temperature 
respectively. ܸ ௢௖ and ܫ௦௖ are open-circuit voltage and short-circuit 
current for PV cells. ݇௩  and  ݇௜ are voltage and current coeffi-
cients.    
For wind generator the wind speed is modelled by using Ray-
leigh PDF [15-16] 
௥݂௔௬௟௘௜௚௛ሺ௩ೢ೔೙೏ሻ ൌ ଶ௩ೢ೔೙೏஼ೡ ൈ ݁
ି൬௩ೡೢ೔೙೏ ஼ೡ൘ ൰
మ
             (9) 
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Fig .3. Equal incremental cost principle for MCU 
 
where  ܥ௩ is the average wind speed. Thus the power output 
of wind generator is modelled as 
 
௪ܲ௜௡ௗ ൌ ቐ
0
௪ܲ௜௡ௗ௠௔௫
௪ܲ௜௡ௗ௠௔௫
௩ି௩೎೔
௩ೢ೔೙೏೙೚೘೔೙ೌ೗ି௩೎೔
                       (10) 
where ݒ௖௜ is the cut-in speed for wind turbine taken in m/sec. 
Along with this, random nature of load forecasting is repre-
sented using normal distribution. Monte-Carlo principle is used 
for estimation of chosen scenarios for DGs. Simulation backward 
reduction method discussed in [18] is employed to reduce the 
computational effort. So the number of scenarios will be reduced 
with good approximate DGs output values as well. Information 
flow between SDG and MCU is shown in Fig. 2. 
 
C. Power Exchange Strategy 
 
In considered network power exchange strategy is based on the 
equal incremental cost principle [19] as shown in Fig .3. By doing 
so power exchange by each MG is basically dependent on MCU 
output and can be adjusted both in sender (or the receiver MG). 
In the considered network configuration one MG is defined as the 
sender and other will be on receiver end. It is also assumed that 
௘ܲ௫௖௛௔௡௚௘. will be positive if power will flows from sender MCU 
to receiver MCU (i.e. from sender MG to receiver MG) and neg-
ative otherwise. Now the deviation between planned exchange 
power (i.e. optimized MCU output) and the actual value can be 
expressed as  
∆P୆୙ଢ଼ ൌ P୭୮୲୑େ୙ െ Pୟୡ୲୳ୟ୪୑େ୙ 																																																																	ሺ11) 
∆Pୗ୉୐୐ ൌ Pୟୡ୲୳ୟ୪୑େ୙ െ P୭୮୲୑େ୙																																																																ሺ12) 
 where ∆ ௌܲா௅௅ is the power selling from sender MCU view and ∆ ஻ܲ௎௒ is from receiver MCU view. In order to get adjustment of 
power exchange by each MCU equal generation costs incremental 
principle is used as follows. 
λ୧ ൌ dFሺP୧
୑େ୙ሻ
dP୧୑େ୙ 																																																																															ሺ13ሻ 
where ߣ௜ is the generated costs incremental rate of ܯܥ ௜ܷ, ܲ ௜ெ஼௎ 
is the MCU output power and ܨሺ ௜ܲெ஼௎ሻ is the function relation-
ship between the MCU generated cost and exchange power. Let 
ߣ௜௢is the initial exchange cost incremental rate for each sender 
MCU and corresponding sold power is	 ௦ܲି௜௢ெ஼௎. Now suppose that 
SDG indicates sudden increase in load demand and MCU has to 
increase its power to accommodate load. It is also needed that ex-
changed power should not rise from certain limit so according to 
equal incremental cost principle the exchange cost incremental 
rate will be supposed to rise up to ߣ௜௫ with corresponding MCU 
output power will be ௦ܲି௜௫ெ஼௎ .So sum of changes of MCU output 
power will be equal to total power exchange (sent or received) to 
neighbor MG i.e. ∑ሺ∆ ௦ܲିଵெ஼௎ ൅ ∆ ௦ܲିଶெ஼௎ … . . ൅∆ ௦ܲି௡ெ஼௎ሻ ൌ∆ ௑ܲ௖௛௔௡௚௘and vice versa.  
III. OPTIMIZATION PROBLEM DEVELOPMENT 
 
The optimization problem formulated for MCU is as under 
  
|OF| ൌ min 	 ෍ ሾሺMCUୗୣ୬౥ ൅ MCUୗୣ୬౮ሻ ൅ SDG୍୬୲୰୳୮୲୧୭୬
୒
୑ୋୀଵ൅ Pଡ଼ୡ୦ୟ୬୥ୣሿ																																																		ሺ14ሻ		
                                              
where 
MCUୗୣ୬౥ ൌ෍ሾሺC୤୳ୣ୪ ൅ Cୡ.୤ ∂୧౥ ൅ Cୗ.୑ ൅ Cୱ୲ୟ୰୲ି୳୮ሻP୧౥,୬ୈ୥ୣ୬
୧౥
൅ ሺC୪୧୤ୣ୪୭ୱୱ୆୉ୗୗ ൅ Cୗ.୑୆୉ୗୗሻP୧౥,୬୆୉ୗୗሿ																										ሺ15ሻ 
MCUୗୣ୬౮ ൌ෍ሾγ୧౮,ୈ୥ୣ୬,୬ሺC୧౮,୬୤୳ୣ୪,ୟୢ୨ ൅ ∆∂୶C୧౮,୬ୡ.୤,ୟୢ୨ሻ∆P୧౮,୬ୈ୥ୣ୬
୧౮
൅ ሺγ୧౮,୆୉ୗୗC୆୉ୗୗ∆P୧౮,୬୆୉ୗୗሻሿ																											ሺ16ሻ SDG୍୬୲୰୳୮୲୧୭୬ ൌ C୧୬୲୰୳୮୲୧୭୬ሺ∆P୒ିୈୋୱ ൅ ∆P୪୭ୟୢሻ																							ሺ17ሻ 
Pଡ଼ୡ୦ୟ୬୥ୣ ൌ Cଡ଼ୡ୦ୟ୬୥ୣ൫λଡ଼∆Pଡ଼ୡ୦ୟ୬୥ୣ൯																																												ሺ18ሻ 
 
Objective function consists of four parts as shown in equation 
(14). First part i.e. equation (15) is related to emergency operating 
condition and includes the costs of MCU members. Diesel gener-
ator includes cost for fuel, carbon foot prints (c.f) cost, scheduled 
maintance (S.M) and start-up cost of diesel generator from cold 
state. As BESS will not observe any fuel cost so battery life loss 
cost and scheduled maintenance cost is considered over here. 
Equation (16) shows the adjustment scenario of MCU for achiev-
ing demand/supply balance according to S-MG consent. Equation 
(17) is the cost which should be paid for any random interruptions 
from SDG members output.  Equation (18) is the exchange power 
cost between interconnected MGs. The constraints applied to the 
considered objective function are as follows. 
  
P୑େ୙,୧ െ P୪୭ୟୢ,୧ െ Vୟ෍V୨
୬
୨ୀଵ
൫G୧୨cosθ୧୨ ൅ B୧୨sinθ୧୨൯ ൌ 0	
                            ሺ19ሻ 
Pୈ୥ୣ୬,୧୫୧୬ ൑ Pୈ୥ୣ୬,୧ ൑ Pୈ୥ୣ୬,୧୫ୟ୶ 																																																											ሺ20ሻ 
|P. F୪| ൌ |VୟଶGୟୠ െ VୟVୠሺGୟୠcosθୟୠ ൅ Bୟୠsinθୟୠሻ| ൑ P. F୪୫ୟ୶ 
                         ሺ21ሻ	
V୧୫୧୬ ൑ ∆V୧ ൑ V୧୫ୟ୶																																																																							ሺ22ሻ 
f୧୫୧୬ ൑ ∆f୧ ൑ f୧୫ୟ୶																																																																								ሺ23ሻ E୆୉ୗୗ,୧ሺt ൅ 1ሻ ൌ E୆୉ୗୗ,୧ሺtሻ ൅ δୡP୆୉ୗୗ୧ିୡ∆t. η୆୉ୗୗ୧ିୡ
െ δୢୡP୆୉ୗୗ୧ିୢୡ∆t/η୆୉ୗୗ୧ିୢୡ																								ሺ24ሻ 
െP୆୉ୗୗ,୍େୌ,୑୅ଡ଼Μ୍,୘ ൑ P୆୉ୗୗ,୍ ൑ P୆୉ୗୗ,୍ୈେୌ,୑୅ଡ଼Σ୍,୘																																								ሺ25ሻ     
SOC୍,୑୍୒ ൑ SOC୍ ൑ SOC୍,୑୅ଡ଼                                                             ሺ26ሻ 
SOC୍,୘ ൌ SOC ൅ න
P୆୉ୗୗ,ୖ୅୘୉P୆୉ୗୗ୍,୘
VୈେIୈେ,ୖ୅୘୉C୆୉ୗୗ,ୖ୅୘୉ DT																																		ሺ27ሻ 
Μ୍,୘ ൅ Σ୍,୘ ൑ 1                    												ሺ28ሻ 
 
Equation (19) is the power balance equation: ெܲ஼௎,௜ and ௟ܲ௢௔ௗ,௜ 
are active powers generated from MCU and consumed by load at 
node i ofܯܩ௜. ௝ܸ,	ߠ௜ are the amplitude and phase on node 
i,	൫ߠ௜௝ ൌ ߠ௜ െ ߠ௜൯ is the phase angle difference between two 
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nodes,	ܩ௜௝ and ܤ௜௝ are real and imaginary parts of the row i and 
column j in the admittance matrix ௜ܻ௝. Constraint (20) is the output 
limit of Dgen, (21) is the power flow on line and ܲ. ܨ௟௠௔௫ is the 
maximum power flow on line. Constraint (22-23) are voltage and 
frequency deviation limits forܯܩ௜. Constraint (24-25) are power 
and energy limits for BESS where ܧ஻ாௌௌሺݐሻ and ܧ஻ாௌௌሺݐ ൅ 1ሻ are 
initial and final BESS energy during period ∆ݐ where ߜ௖/ ߜௗ௖ are 
charging/discharging co-efficient and  ߟ஻ாௌௌ௜ି௖/ߟ஻ாௌௌ௜ିௗ௖ are 
charge/discharge efficiency. Constraint (26-28) are related to 
SOC of BESS and (28) shows that charge and discharge cannot 
take place at the same time. All the constraints explained in (19-
28) will be followed for adjustment scenario also with the differ-
ence of adjustment power induction in all equations.  
IV. ASSESSMENT AND DISCUSSION 
The formulated optimization problem is assessed using MILP 
optimization technique. Exhaustive simulations are carried out in 
Matlab for the verification of the developed power transaction  
strategy. Six MGs are considered here in interconnected condition 
with each other. It is assumed that all MGs have the same topol-
ogy. In reality it is not possible but this assumption is made here 
for the purpose of simplification and complexity reduction. Im-
pedance data for all of MGs buses is taken from [20]. Cost offered 
by each MG(s) in IMG network is shown in Table 1.  Pseudo code 
for developed MCU and MILP algorithm is shown as above. Pre-
defined input data assumed for all participating MGs and cost data 
related to the calculation of designed objective function is tabu-
lated in Tables 2 and 3 respectively.  
 Thousands of scenarios are generated and computational effort 
is reduced by using simulation backward reduction method. SDG 
profiles generated for Wind, load and PV’s PDF are shown in Fig 
.4. As an example, let us suppose that emergency situation of 
overloading is being identified by ܯܥ ସܷ in ܯܩସ which causes in-
crement in SDG output such that ேܲ௢௡ି஽௜௦௣ ൏ ∆ ௟ܲ௢௔ௗ and algo-
rithm will activate MCU for necessary action. D-DGs will make 
adjustment using V/f control according to SDG input so that con-
straints (19-21) should be satisfied. Now let us assume that 
ሺ∆ܲ஽௚௘௡ ൅ ஽ܲ௚௘௡ሻ ൅ ேܲ௢௡ି஽௜௦௣ ൏ ∆ ௟ܲ௢௔ௗ and it is assumed that 
diesel nominal capacity is increased to ∆ܲ஽௚௘௡ such that further 
increase of diesel capacity can cause much cost burden on the 
overloaded ܯܩସ . In this scenario if SOC of BESS is greater than 
minimum possible value then BESS will discharge to meet the 
load demand until constraint (24-25) are satisfied but once the dis-
charge limit reaches then electricity purchasing can be done from 
IMGs. Now algorithm calculates ∆ܲெ஼௎ and it would be equal to 
the amount of power exchange (buy) needed in this case. Now the 
algorithm will search for the best power buying option and as it is 
assumed that all MGs are in interconnected mode so the possible 
power import choices are	ሼܯܩଵ,ܯܩଶ,ܯܩଷ,ܯܩହ,ܯܩ଺ሽ. The 
MILP algorithm defines the best alternative as ሼܯܩଶሽ andሼܯܩଷሽ. 
As it can be seen from Table 4 that both selected MGs are offering 
lowest prices and as 1.2 MW is required so both MGs will share 
the load demand of ܯܩସ. Along with this the value of objective 
function calculated becomes 4.8312 $/MW. 
 As the MILP is an optimization technique with random number 
inputs so it does not mean that every time this technique applied 
to the considered network will give same numerical values of de-
signed objective function. However the outcome could be nearly 
equal to mean value of desired cost. 
 
 
Pseudo code for MCU and MILP formulations  
Input: ۾۲۵ܛ܋܉ܘ, ۾ܔܗ܉܌܋܉ܘ , ۾܉܋ܜܝ܉ܔۻ۱܃ , ܁۲۵۷ܖܜܚܝܘܜܑܗܖ,ۻ۵ܖ۽܊ܛ܍ܚܞ܍܌	 
Output: ۾ܗܘܜۻ۱܃, ∆۾܁۳ۺۺ/∆۾۰܃܇ , ۻ۵ܖ܁܍ܔ܍܋ܜ܍܌, OF value 
MCU Function: 
1: Calculate power transaction requirement of each MG in IMG network 
2: if ۾۲܏܍ܖ ൅ ۾۾܄ ൅ ۾ܟܑܖ܌ ൏ ۾ܔܗ܉܌  
3:        check for SOC status Eq. (27) 
4:          if ܁۽۱ ൏ ܁۽۱ܕܑܖ then 
5:               BESS discharge such that ઼܌܋and િ۰۳܁܁ି܌܋ are not violated 
6:         else ۾۰܃܇	from neighbor MG 
7:         end 
8: else ۾۲܏܍ܖ ൅ ۾۾܄ ൅ ۾ܟܑܖ܌ ൐ ۾ܔܗ܉܌ 
9:         check for SOC status  Eq. (27) 
10:       if ܁۽۱ ൏ ܁۽۱ܕ܉ܠ 
11:       BESS should charge until ۾۰۳܁܁܋ܐ.  reach to maximum limit 
12:       else ۾܁۳ۺۺ	from neighbor MG 
13:       end 
14: end 
MILP Formulation: 
15: Calculate 	۾ܗܘܜۻ۱܃ from MCU ۾۲۵ܛ and ۾ܔܗ܉܌	analysis 
16: Calculate ∆۾܁۳ۺۺ/∆۾۰܃܇ using Eq. (11) and (12) 
17: if ۻ۵ܑ has unused power capacity then 
18:    send signal to MCU  
19:    MCU apply ۾. ۴ܔܕ܉ܠ, ∆܄	܉ܖ܌	∆܎ check 
20:       if Eq. (21-23) satisfies then 
21:       export power to ۻ۵ܖ۽܊ܛ܍ܚܞ܍܌  
22:       calculate ∆۾܁۳ۺۺ	 and OF value 
23:       end 
24: else ۻ۵ܑ have inadequate power generation then 
25:    send request to MCU  
26:   MCU calculate difference of actual and optimized value 
27:    MCU send request to one or more MG depending on selling cost of     
28:    import power to ۻ۵ܖ۽܊ܛ܍ܚܞ܍܌  
29:    Calculate ∆۾۰܃܇   and OF value 
30: end   
 
 
Table 1: Electricity price offered by MGs in IMG network 
 MG-1 MG-2 MG-3 MG-4 MG-5 MG-6 
E.P($/MWh) 0.52 0.26 0.33 0.24 0.25 0.29 
 
 
Table 2: Pre-defined input data for MCU processing 
Photovoltaic 
P୔୚ୡୟ୮  0.5 MW 
Wind 
P୵୧୬ୢୡୟ୮  0.7 MW 
Load  
P୪୭ୟୢୡୟ୮  1.5 MW 
Diesel Generator 
Pୈ୥ୣ୬୫୧୬  0.03 MW 
Pୈ୥ୣ୬୫ୟ୶  2 MW 
Storage System 
Capacity 0.5 MW 
SOC୐୍୑୍୘ 20% - 90% 
P୆୉ୗୗେୌ,୑୅ଡ଼ 0.3MW 
P୆୉ୗୗୈେୌ,୑୍୒ 0.1MW 
Voltage deviation permissible limit 
Voltage deviation 1 ± 0.25 p.u. 
Frequency deviation permissible limit 
Frequency deviation 50 ± 0.5 Hz 
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Fig. 4. SDG Profiles (a) Wind (b) Load (c) Beta PDF for PV  
 
 
 
To verify the versatility of the developed strategy MILP is reap-
plied 1000 times to the same system (under stochastic environ-
ment). In algorithm it is supposed that selected MG(s) can be 
overloaded or under loaded during one selected scenario. The 
only difference which is being observed is that every time differ-
ent overloaded/under loaded MGs are selected in the network out 
of six MGs. For example let us consider scenario 2 (from Table 
4) in which ሼܯܩଷሽ andሼܯܩସሽ both are having power excess be-
cause of unused power capacity of N-DGs i.e. ேܲ௢௡ି஽௜௦௣ ൐
∆ ௟ܲ௢௔ௗ and Diesel will work at its ஽ܲ௚௘௡௠௜௡  so MCU will first look 
on SOC of BESS and if it is less than ܱܵܥ௠௔௫ then BESS would 
start charging until constraint (24-25) will be satisfied after this 
there is still total unused power capacity of 0.15 MW in both 
power excessed MGs so the selected receiver MGs will be ሼܯܩହሽ. 
Now power will be sold to {ܯܩଷ,ܯܩସ,ܯܩହሽ respectively. A 
sample of generated objective function value for selected repeti-
tion is shown in Fig .5. It is worth mentioning over here that after 
the application of designed algorithm the two defined criterion of 
MCU also met as no deviation of frequency/voltage is observed 
because of coordinated control of MCU member as described ear-
lier in Section II. Also no load shedding is observed to maintain 
the demand/supply balance. All load is effectively managed by 
the proposed power transaction strategy. 
 
Table 3: Costs data for calculation of DGs and interruptible parameters  
 
 
Fig. 5. OF feasible values plot for selected intervals (345-367) out of total 1000 
repeats 
 
 
IV. CONCLUSION 
Remote area MGs can support each other in case of emergency 
situation of overloading or shortfall etc. In such cases cost is one 
of the most important factor which can be considered by using 
different optimization techniques. One way to minimize the cost  
is to share power among interconnected MGs instead of increas-
ing the operational power of D-DGs to their maximum limits. Fo-
cusing on this feature, an IMG is taken in consideration as a part 
of large remote area network. Proposed MILP algorithm applied 
on formulated cost minimization problem shows that power ex-
change among IMGs can be done effectively by developed MCU 
analysis based on equal incremental cost principle. The main 
point is to look for the most appropriate S-MG to meet with the 
desired objective. Validation of results shows that set criterion is 
met for the considered IMG network with minimum set cost and 
no load shedding, frequency and voltage deviation is observed 
during the whole scenarios repetition. 
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